Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
income earners have increased, particularly in the industrialized part of the world. Third, this last change was induced inter alia through modifications of countries' income tax laws, which provided for a relatively more aggressive taxation of the middle class relative to the extremes of the income distribution. We find that middle-income earners faced a rise in their personal income tax rate of around 1.5 percentage points due to the rise in globalization between 1994 and 2007 alone. In the same time period, the top 1% of workers faced a globalization-induced reduction in their effective income tax rates of approximately 1.5 percentage points. These changes are confirmed in data sets on aggregate income distributions across countries, in microdata across countries from the Luxembourg Income Study (LIS), and, using interstate worker mobility in the United States, in microdata at the sub-national level.
Our findings are consistent with the literature on optimal non-linear taxation in closed (Saez, 2001 ) and open (Simula and Trannoy, 2010; Piketty and Saez, 2013; Lehmann, Simula, and Trannoy, 2014) economies. 5 This paper documents the global dimension of the causal impact of globalization on income tax systems, specifically, the personal income tax schedules over the last quarter of a century. In pursuit of this line of research, the present paper compiled the biggest existing data set on personal income tax calculators, covering 252 economies and territories around the globe at an annual level between the years 1980 and 2012 for 12 household archetypes (distinguished by the types of allowances and deductions granted across all the existing systems). 6 Many of the results are well aligned with the current public debate on globalization-induced inequality; however, thus far this debate has lacked the exact documentation of the phenomenon that the present paper generates.
The remainder of the paper is organized as follows: In the next section, we provide a few stylized facts on the link between globalization, the relative size and composition of tax revenues, and firm-borne versus individual-borne tax rates. In Section 3, we develop an instrument for globalization that is consistent with recent quantitative trade and migration models and elaborate on the theoretical causal link between openness and income inequality.
In Section 4, we document the causal link between globalization and the size and composition of tax revenues for OECD and non-OECD countries and over the years 1980-2007. Section 5 is devoted to investigating the effect of globalization on worker-specific tax burdens and effective average tax rates. Section 6 illustrates the robustness of the findings and provides supporting evidence based on the link between state-to-state migration and state-level tax characteristics in the United States. The last section concludes. 5 Saez (2001) examined optimal taxation with immobile labor whereas Simula and Trannoy (2010) and Lehmann, Simula, and Trannoy (2014) extended the analysis to consider migration in a canonical optimal taxation setting along the lines of Mirrlees (1971) and Diamond (1998) . Earlier empirical work on the link between migration and personal income taxes exists for individual countries and location decisions of workers within countries (see Kirchgaessner and Pommerehne, 1996; Wagner, 2000; Schmidheiny, 2006) . This literature documents a higher income tax sensitivity of more skilled (higher earning) and younger individuals than on average. 6 See Egger and Strecker (2016) for more information on the data set.
2 Globalization, tax revenues, and personal income tax rates
The purpose of this section is to document stylized facts about the changes of what we refer to as globalization, of the composition of tax revenues across major bases, and of personal income tax rates across countries and years. The description of the sources and the generation of the data that are used throughout the paper are relegated to the Appendix. This paper's research agenda limits the scope of the analysis to 65 countries between 1980
and 2007 due to the need for additional data in our regressions such as income inequality and education. 7 
Globalization
It is well documented in the literature that trade grew substantially in all major regions of the world over the last decades, and that the liberalization of discriminatory and nondiscriminatory trade policy measures is partly responsible for this pattern (see Baier and Bergstrand, 2001; Egger and Nigai, 2015) . Important policy changes fostering this development were the GATT (General Agreement on Tariffs and Trade) and WTO (World Trade Organization) rounds, as well as the formation of what Baldwin (2006) called the "spaghetti bowl" of preferential trade agreements. At the same time, labor migration increased substantially and, in some OECD countries, became a major force to counteract plummeting fertility rates. In this context, it should be mentioned that the mobility of high-skilled workers -through migration -as well as international trade -through international, within-firm production process fragmentation -is fundamentally linked to the activity of multinational firms. Hence, the two measures of globalization should be expected to be highly correlated with multinational activity and each other. imports, inward FDI stocks, and immigrant stocks rose by more than 16%, 272%, and 37%, respectively. 8 Lower barriers to goods trade, capital mobility, and worker migration are generally associated with higher government spending for a variety of reasons, also illustrated in Figure 1, where tax revenues as a share of GDP increased by 16%. Rodrik (1997 Rodrik ( , 1998 argues that globalization exposes domestic workers to external shocks, which increases their demand for social insurance and the provision of public goods. This is consistent with trade liberalization being a source of higher inequality as suggested by Goldberg and Pavcnik (2004, 7 While we compiled data on income tax calculators for 252 countries and territories for the period 1980-2012, the limiting factor to the analysis here are the additional regressors. 8 While FDI rose most dramatically, its measurement is less precise than trade or immigration. This is due to differences in the definition of FDI across countries and differences in the thresholds imposed for accounting purposes imposed by the OECD or the UNCTAD FDI/TNC Database. 
Tax revenue composition
Countries differ in terms of the composition of tax revenues. This composition may be influenced by globalization as well as other factors (e.g., see Hines and Summers, 2009) but there are systematic differences between OECD and non-OECD countries in the period between 1980 and 2007. While both country groups collect roughly one quarter of their total tax revenues from firm-borne taxes, they differ substantially in the relative importance of other sources.
We shed more light on the differences in the average composition of tax revenues in Figure   2 . For the present purpose and to some extent for reasons of data availability, we distinguish between four sources of tax revenues: firm-based taxes (corporate taxes and employer-borne labor taxes, such as payroll and employer-borne social security contributions); personal 9 Trade economists have put forth a number of theoretical explanations for the positive link between openness and inequality: (i) positive sorting of more productive workers to exporting firms (see Helpman, Itskhoki, and Redding, 2010; Burstein and Vogel, 2012; Harrigan and Reshef, 2013 among others), (ii) firm heterogeneity and a high profitability of exporters combined with wage bargaining (see Egger and Kreickemeier, 2009; Amiti and Davis, 2011; Egger, Egger, and Kreickemeier, 2013) , (iii) offshoring of certain skill-specific stages of production (see Feenstra and Hanson, 1996 , 1999 Zhu and Trefler, 2005) , and lastly (iv), capital-skill complementarity and associated skill-premia (see Parro, 2014) . For an empirical example, Autor, Dorn, Hanson, and Song (2014) use individual-level U.S. data and find that a higher exposure to imports from China has had a larger adverse effect on the demand for low-skilled workers relative to that of high-skilled workers, which suggests that globalization imposes heterogeneous costs on workers by skill and employment status. Autor, Dorn, and Hanson (2015), using local U.S. labor market data, find that rising import competition, depending on industry characteristics, may lead to wage polarization and/or rising unemployment. income taxes on employees (including their social security contributions); taxes on goods and services following the International Monetary Fund's (IMF) definition; 10 and a remainder category, which contains all other sources of tax revenue. The figure suggests that the share of revenues collected from employee-borne income taxation is the most important source in the OECD group over the sample period, followed by taxes on goods and firm-based taxes. In contrast, non-OECD countries rely least heavily on employee-based taxes and most heavily on goods taxes. For these reasons, we devote much of our discussion in the main text to OECD member countries but provide all the results for non-OECD economies in the Appendix. 
Corporate and personal income tax rates
Earlier evidence suggests that capital and high-mobility workers respond sensitively to lower tax rates, while low-mobility workers are less responsive. This is consistent with Figure 3 , which summarizes the evolvement of the average corporate tax rate, the average top-1% personal income tax rate, and the average median-income tax rate in our sample between 1980 and 2007. 11 The figure suggests that tax rates levied on relatively mobile basescorporate profits and high incomes -have declined, while taxes on the median personal income have, on average, increased in the recent past. Hence, the relative stability of personal income tax revenues over the same time span conceals the relatively strong changes in the structure of effective personal income tax rates. The fact that the reductions in both corporate profit and top personal income tax rates are concurrent with an increase in the median personal income tax rate suggests that the average economy reduced the burden on 10 According to the IMF's Government Finance Statistics: goods and services taxes include taxes levied on the production, extraction, sale, transfer, leasing, and delivery of goods and services, but exclude taxes on imports, exports, and other cross-border transactions 11 Personal income tax rates in this context include the worker-specific labor income tax rate and the employee-borne social security contributions. The computation of effective personal income tax rates requires information on the distribution of personal gross incomes within countries over time and on the personal income tax code per country and year. Details on both types of data are relegated to the Appendix. mobile capital and high-income individuals at the expense of median-income earners. While evidence on this fact is interesting in itself, this paper is concerned with documenting the causal role of globalization in this process. This process, however, is not straightforward, as both trade and migration are affected by taxes on firms and workers. To circumvent this problem we develop an instrument for globalization using the insights from structural models of cross-border flows of goods and workers. Let us use π n,ijt , with n = {trade, mig} to denote the expenditure share at time of importer country i on goods from j in the case of trade and the share of natives from j that have chosen to migrate to i in the case of migration, respectively. Then, for a set of N countries we can specify bilateral trade and migration shares as:
where c n,jt is proportional to country j's supply potential and β n,ijt captures the influence of frictions to or preferences against acquiring goods or receiving migrants in country i from j at time t. With trade, c n,jt may be influenced by production costs and (gross-oftax) factor income, while with migration it is a function of potential migrants' (net-of-tax) reservation wages in j, both being influenced by taxation. We follow Head and Ries (2001) in circumventing the problem by normalizing π n,ijt as:
and, following Eaton and Kortum (2002) , Anderson and van Wincoop (2003) and many others, assume domestic trade costs to be zero for all i and t, whereby β n,iit = 1. We then obtain:
β n,ijt β n,jit = π n,ijt π n,iit π n,jit π n,jjt .
With β n,ijt β n,jit at hand, we can compute average costs of (inward and outward) trade or migration, which are denoted by β n,it = j =i β n,ijt β n,jit . These costs are correlated with trade and migration, but they do not depend on gross-or net-of-tax factor incomes in exporting or importing countries, according to modern quantitative work in international economics.
Let us use π n,it to denote country-level average openness to trade (measured as the average of exports and imports to total absorption) and migration (measured as the average of immigrant and emigrant stock to native population). 12 Moreover, let λ π t and µ π i denote time and country fixed effects, respectively. We can then formulate a stochastic model of trade/immigrant openness that will serve as the first stage as: ln(π n,it ) = constant πn + Γ π n Z it + λ π n,t + µ π n,i + δ ln(β n,it ) + υ n,it ,
where constant πn is an intercept, Z it is the matrix of additional controls and υ n,it is a residual term. Using the data on trade and migration from the sources described in the Appendix, this regression obtains a coefficient estimate of δ = 0.114 with a standard error of 0.005 when considering trade and δ = 0.447 with a standard error of 0.008 when using migration. Both instruments have strong partial F-statistics of 433 and 2,785 for trade and migration, respectively. 12 The results throughout this work are robust to using only outward or only inward measures of trade and migration openness instead of using total trade or total migration openness. These results are relegated to the online appendix.
The effect of globalization on the size and composition of tax revenues
The question of how globalization affects the overall level of tax revenues (relative to GDP)
is closely related to the analysis of Rodrik (1997 Rodrik ( , 1998 and Epifani and Gancia (2009) , who identified a positive relationship between government spending and openness. However, our analysis is different from theirs in two significant ways. First, we are interested not only in the size of overall tax revenue but also its composition. Second, we rely on the structural instrument of globalization as outlined in Section 3. We start identifying the effect of globalization on tax revenues and their composition by letting R r , where r = {total, f irm, employee, goods, other}, be the government tax revenues of type r denoting total tax revenues, revenues from firm-borne taxes, employee-borne taxes, sales, and valueadded-type taxes on goods and services, and other tax revenues, respectively. We also denote the two proposed measures of globalization as π n,it for n = {trade, mig}. Then, we specify the following linear regression model:
where Z it is a vector of controls, u n,it is the disturbance term, the scalars const r n and γ r n and the vector Γ r n are regression parameters, and λ n,t and µ n,i are fixed time and country effects, respectively. The vector Z it includes the following nine control variables: (i) three regressors for the share of population with primary, secondary, and tertiary education, (ii) three binary indicator variables for democracy and either left-or right-wing majorities in the legislature, (iii) log population, log real GDP per capita, and the interaction term of the two. 13 We employ two different specifications of equation (5): (1) OLS where ln(π n,it ) is treated as exogenous, and (2) instrumental-variable (IV)generalized method of moments where ln(π n,it ) is treated as endogenous and we instrument ln(π n,it ) with the derived instrument ln(β n,it ) from Section 3. Among the two types of models, the IV estimator is the preferred one, since it avoids the endogeneity bias of the two openness measures by instrumenting and conditioning on observable determinants of government size. Owed to their correlation, we use the two measures of globalization in separate regressions, but the results are robust to including both of them at the same time. The regression results, summarized in Table 1 , are consistent with the literature in indicating that openness is generally associated with larger government size relative to GDP. The coefficient is larger in the IV model with openness being instrumented in comparison to OLS, where it is not. Hansen-Sargan-C-tests confirm that the OLS estimates are subject to the aforementioned endogeneity bias. E.g., in the case of total revenues, the χ 2 -test statistic is equal to 4.87 and is significant at 5%. Next to the results on total tax revenues in Table   1 , we report the ones for the same models estimated on the remaining four tax revenue categories in r. These suggest that globalization has had important compositional effects on government revenues. Specifically, it raised the relative size of employee-borne tax revenues and ones on goods transactions, and reduced the relative size of the residual (other) tax revenues. The effect on the share of firm-borne tax revenues cannot be estimated precisely.
The effects of trade and migration on the composition of tax revenues generally have the same sign and qualitatively differ only with regard to the statistical precision at which they are estimated.
Naturally, the effect of openness on the size and composition of government revenues may differ across different time periods and country groups. To explore this issue, we divide the sample into four subcategories along country and time dimensions. First, following Rodrik (1998), we consider the OECD and non-OECD country groups separately (see the Appendix for definitions). This split is motivated by the fact that these two groups differ significantly in a range of underlying fundamentals, such as the levels of the social protection of workers and the quality of institutions, which may not be entirely captured by the control variables.
According to Figure 2 , these two country groups also differ significantly in the composition of their tax revenues. Second, we consider two different sub-periods, namely 1980-1993 and 1994-2007. Doing so naturally divides the sample into two equally-sized subsamples, while allowing the coefficients of interest to differ between them. The differences in the coefficients on the globalization variables around the early 1990s could be rooted in the deep liberalization steps of migration and trade policy that became effective around this time. Specifically, the Maastricht Treaty, which allowed European Union nationals free movement within the EU, started in 1992; the Schengen Agreement, which reduced border barriers between EU members, came into force in 1995; the North Atlantic Free Trade Agreement, which led to a tremendous increase in trade between Canada, Mexico, and the United States, became effective in 1994. 14 All these events suggest that examining the effect of openness on taxation across these two time periods separately could be fruitful. 15 Standard errors in parentheses are robust to an unknown form of heteroskedasticity and autocorrelation. For brevity, the constant, time and country fixed effects and coefficients for education shares, democracy, left-and right-wing governments, log population, log real GDP per capita and the interaction between log population and log real GDP per capita are suppressed.
We utilize the associated results to quantify the effect of openness on the share of different tax revenue components across the two country groups and time periods and report the results for OECD countries in Table 2 , whereas results for non-OECD countries are available in the Appendix. As we are left with two subsamples, the table consists of two panels, where the upper and lower panels pertain to the OECD-country sample in 1980-1993 and 1994-2007, respectively.
The results in the upper panel of Table 2 suggest that in the early (pre-liberalization) period the effect of globalization on the relative size of total tax revenues could not be precisely estimated for OECD countries. During this time, OECD countries responded to trade by raising additional revenues from taxes on firms, employees, and goods. On the other hand, higher migration was associated with lower firm-borne tax revenues and taxes on goods.
Only migration seems to have stimulated revenues from taxes on goods and to have reduced taxes in the other category. By way of contrast, we find very strong effects of globalization on the total revenue-to-GDP ratio for OECD countries in the later (post-liberalization)
period. The results in the lower panel of Table 2 suggest that trade openness, in particular, raised the relative magnitude of revenues collected from taxes on employees and goods transactions. For reasons that will be discussed in the next section, the effect of migration openness cannot be precisely estimated.
Overall, the results in Table 2 suggest two important insights. First, the effect of openness on the relative size of tax revenues became more pronounced during the more recent time period for OECD countries. This increase, however, was not compensated by increased taxes paid by firms but rather by employees. A signature feature of income tax systems in most countries, particularly developed ones, is their progressivity, whereby the tax burden more than proportionately rises with income. Hence, the question at hand is whether the change in the relative magnitude of tax revenues collected from employees was due to inflation, 16 due to greater globalization-induced productivity growth for (low-and middle-) income earners in the progressive part of the tax schedule versus (high-income) earners in the non-progressive part, or due to a change in the tax schedule itself. The assessment of this question will be the subject of the next section, which will unveil the key insights of this paper.
The effects of globalization on personal income taxes
Measuring the effects of globalization -through trade and migration openness -in personal income taxes across as many countries and years as possible is at the heart of the present paper. For this, we focus on two personal income tax measures: the share of the relative tax burden borne by workers across different percentiles of the income distribution and effective personal income tax rates across those percentiles. The former reflects an outcome of both effective tax rates and gross income levels, while the latter focuses on effective tax rates only.
Globalization and the relative personal income tax burden across earners
For the respective analysis per earner type, we need to calculate personal income tax burdens for all percentiles of the income distribution for each country-year observation in our sample.
This requires detailed information on the distribution of gross incomes and the country-yearspecific tax calculators. Some countries are included in the Luxembourg Income Study, so that representative micro-level data on the personal income distribution are available.
However, these data do not cover 65 countries over 28 years. Therefore, we must make use of otherwise available data on Gini coefficients and average wages, which can be obtained for the 65 economies of interest between 1980-2012 (see the Appendix for details). These measures permit portraying the distribution across centiles only upon adopting assumptions regarding the shape of the distribution. The Gini coefficient and the average wage are sufficient statistics for backing out all moments of the distribution with single-parameter-Pareto-or log-normally-distributed wages. We test and are able to confirm the validity of these necessary assumptions, having compared LIS microdata-based wage percentiles with imputed wage percentiles assuming Pareto versus log-normal distributions. 17 We feed the obtained country-year-specific average percentile wages into the tax calculator for that country and year to obtain the country-year-percentile-specific effective average tax rate. 18 This analysis results in two measures of interest: the nominal wage paid to an average worker in percentile p, country i, and year t, w p it , and the associated effective employee-borne tax rate, which includes labor income taxes, and employee-borne social security contributions, τ p it . Based on these measures, we compute the percentage contributed by each percentile relative to total employee-born tax revenue under the aforementioned assumptions, 100
, and determine the associated impact of globalization thereon by:
for p = {1, ..., 100} and n = {trade, mig}. As before, we conduct the analysis separately for the OECD and non-OECD country groups and for the time periods 1980-1993 and 2004-2007 . For the sake of brevity, we focus on IV regression results and on the parameter γ p n , and suppress the results for the non-OECD countries in this and the subsequent subsections and relegate them to the Appendix. between the early and the later period cannot possibly be explained by a differential impact of globalization on the wages behind the percentiles, but must be related to a change in effective tax rates. 19 In the later half, we observe what we will refer to as the hollowing-out of the middle class: trade openness raised the tax burden on earners at the center of the wage distribution but not at the left and the right tails. The results suggest that the top decile of the income distribution in fact benefited from trade openness relative to other income groups, while the lowest quintile of the income distribution was not affected in relative terms.
The coefficients (with standard errors in parentheses) that correspond to the 75 th , 90 th and For convenience, we repeat the above analysis using the limited LIS data in Figure 6 , where the left and right panels present the effect of trade and migration openness measures on the relative tax burdens, respectively. Naturally, due to the small sample size, the estimated coefficients of openness based on LIS data are significantly more noisy than when using the imputed data. Further, LIS caps reported incomes, such that the top quantile(s) are likely underestimated. We do not view this as a problem since in that case we would underestimate (rather than overestimate) the effect of trade and migration openness on the tax burden for the very top quantile(s). 22 However, the general shape and magnitude of the results are consistent with previous effects. This suggests that the earlier results do not hinge upon the parametric assumptions on the shape of the income distribution and are in fact supported by available microdata.
Globalization and the effective average personal income tax rate
In this subsection, we investigate the extent to which changes in the labor tax burden were due to changes in effective tax rates versus wage changes. Here, we repeat the analysis of the previous subsection but now use the average effective tax rate of each percentile p as the dependent variable: 100 × τ p it = const p n + ξ p n ln(π n,it ) + Γ p n Z it + λ p n,t + µ p n,i + u p n,it ,
for p = {1, ..., 100} and n = {trade, mig}. As before, we focus on IV-regression results on the parameter ξ p , relegate results for non-OECD countries to the Appendix, and use figures to illustrate the findings. In Figures 7 and 8 , we identify changes in the effective average tax rates in response to higher openness with a certain amount of accuracy. However, it is also essential to study the cumulative magnitude of this response. We utilize the estimated coefficients and the observed data on openness to calculate the cumulative magnitude of the effects for the 100 different population groups in an average OECD country across the two periods. To calculate the effect of globalization exerted on the effective labor income tax rates in 1980-1993 and 1994-2007, we multiply the average change in (log) openness observed in the OECD group on the estimated (if different from zero at 10% significance level) coefficient in each period, respectively. For the cumulative effect between 1980 and 2007 we add the effects for the two periods. We plot the results for trade and migration in Figure 9 . amounted to roughly 4 percentage points in total. Workers located above the median but below the 70 th percentile faced a slightly larger increase in tax rates with the total effect being between 4 and 5 percentage points. Period-specific effects start diverging significantly for people above the 70 th percentile in the income distribution.
While in 1980-1993 the effect was progressive and higher percentiles saw their tax rates rising by relatively more such that labor tax rates were raised by around 6 percentage points for the top earners versus only 2.5 for workers in the 70 th percentile, in 1994-2007 the effect was regressive. In the later half of our sample period, the tax rate for the top earning decreased by more than 2 percentage points whereas it increased by more than 2 percentage points for workers in the middle and the upper-middle class as a consequence of globalization.
These results are of significant magnitude compared to the conventional estimates to the gains from trade of moving from autarky to the observed, concurrent level of openness (see Figure 9 : The effect of trade on tax rates for an average OECD country
In a progressive tax system, a general increase in the level of all wages would not preserve relative effective tax rates across different percentiles. Therefore, it is interesting to isolate pure policy (tax schedule) responses to globalization. As mentioned before, the relative tax burden and effective average tax rates are driven by changes in average wages, changes in the dispersion of wages, and changes in the tax schedule (i.e., tax policy in a narrow sense).
Here, we are interested in fleshing out actual tax policy (i.e., tax schedule) changes. For this, note that the labor income of percentile p in country i in year t depends linearly on the average wage in country i in year t, w it , and a distribution parameter, s p it , such that w p it = w it s p it . Let us use the function f it (·) to denote the tax code (or tax calculator) in country i and year t. Then, the effective average tax rate of percentile p may be defined as:
Naturally, globalization may affect average wages, w it , as well as wage inequality, s p it , a fact that is well supported by economic theory (see Feenstra and Hanson, 1996; Kreickemeier, 2009; Amiti and Davis, 2011) as well as by empirical evidence (see Pavcnik, 2004, 2007) . However, it is less clear-cut whether globalization affects the tax calculator directly. To isolate changes in f it (·), we produce counterfactual average wages and distribution parameters that are free of the effect of globalization. To this end, we first estimate the effect of globalization on average wages and percentile-specific distribution parameters using the following two regressions:
ln (s p it ) = const s,p n + ξ s,p n ln(π n,it ) + Γ s,p n Z it + λ s,p n,t + µ s,p n,i + u s,p n,it , for n = {trade, mig} and p = {1, ..., 100}. Having estimated parameters on the openness variables, we produce percentile-specific counterfactual effective tax rates for each country and year under the assumption that globalization had no effect on w it and s p it as: 
We re-run the regressions in (7) using these counterfactual effective average tax rates. We denote the estimated coefficient as γ f (·),p n and plot them in Figures 10 and 11 . Quantitatively, the pattern is somewhat less pronounced for the first 99 percentiles and more pronounced for the top percentile. This is reassuring as we can conclude that the findings mainly point to government responses, i.e., changes in the tax code, rather than on mechanical effects such as those induced by he cold progression only. Overall, these findings suggest that the effects of globalization on effective personal income tax rates are mainly (rather than also) driven by changes in the tax calculator.
Case study: Interstate migration and changes in effective taxation in the United States
Our results based on international data indicate that factor flows have heterogeneous effects on workers in terms of three tax outcomes: the relative tax burden, the effective average labor income tax rate, and the labor income tax calculator. We found that especially governments in developed countries reduced average taxes for high-income earners in response to trade and migration openness, while increasing them for earners in the middle and lower parts of the wage distribution to retain labor tax revenues. In this section, we examine whether similar mechanisms are observed at a sub-national level, using the example of the United States. This exercise will prove to be useful in two important respects. First, it will illustrate to which extent the main insights from the cross-country analysis are confirmed in sub-national data. Second, it will serve as an important validation based on much more complete microdata than the available internationally LIS microdata.
The taxation system of the United States provides an interesting case study, since goods trade is largely and migration is completely free within the country, and various levels of government influence the various levels of income taxes on individuals (and firms) within jurisdictions -federal, state, and in some cases local, sub-state levels. We use the variation across state income tax schedules to examine whether the mobility of high-skilled workers drives intra-national labor tax competition, akin to what we observed internationally.
One important feature of this case study is the high quality of the data involved. The IRS records the location of each tax filer every year, 23 which we then use to compute overall state-to-state flows. We use the relative tax burden and the effective income tax rates for single individuals with positive income (to match our international archetype as closely as possible) and measure migration flows in terms of the number of tax returns. We generate the instrument for interstate migration in the same way as before, using normalized state-to-state flows to compute relative mobility cost by state s for year t. We are only able to address migration openness, as interstate trade is assessed differently from international trade and assessed on a decennial basis only. We employ data on fifty states for eight years We start our analysis with analyzing the impact of mobility on the relative tax burden in each of the fifty states for different workers:
for q = {1, ..., 50}, where we include the matching state s (as opposed to country i) controls in vector Z st . We report the data sources in the Appendix. There are minor differences to the approach in Section 5. First, we produce fifty rather than hundred quantiles based on taxable income to ensure that we calculate as many quantiles as possible while maintaining a high level of disaggregation. Hence, each q captures two percentiles of state s's population.
Second, we are unable to differentiate between taxes on labor versus other forms of personal income, w p st therefore denotes total taxable income. Finally, as before with LIS data, due to the anonymity requirement, IPUMS caps reported incomes, such that we are likely underestimating taxable income for the very top quantile(s) in some states/years. We do not view this as a problem since in that case we would underestimate (rather than overestimate) the effect of migration on tax outcomes for the very top quantile. 24 We report the results for the relative tax burden in the left panel of Figure 12 , where for the ease of exposition we again plot the estimated coefficients against quantiles q along with 90% confidence bands. In qualitative terms, the shape of the estimated response curve is strikingly similar to what we saw in Section 5 for the OECD countries in the 1994-2007 period. The middle and upper-middle classes experienced an increase in their relative tax burden in response to higher interstate mobility, whereas earners in the top six percentiles experienced significant decreases in their relative tax burden. The estimated coefficients suggest that a one-percent increase in interstate earner mobility (into and out of) a state leads to a 0.15-percentage-point decline in the relative tax burden of the top-income percentile. This is in line with our findings on top incomes in the right panel of Figure 5 . Next, we examine the effect of interstate migration openness on the effective average statelevel income tax rate by running the following regression:
for q = {1, ..., 50} and where τ q st is the average effective tax rate applied by state s in year t to quantile q. We report the results in the right panel of Figure 12 . Here, taxes decreased in response to rising migration openness for the top six percentiles, while the rest of the distribution remained unchanged. This suggests that state-level governments do engage in tax competition for mobile top-earners and lower the income tax rates accordingly. The estimates imply that, on average, a one-percent increase in interstate migration openness reduced the effective average state-level personal income tax rate by roughly 0.07 percentage points -a non-negligible increase given the overall size of state taxes.
Even though state governments set their own state-level income taxes, each individual is subject to the federal income taxation as well, irrespective of their resident state. Hence, the federal government of the United States superimposes an additional tax layer which cannot be avoided by relocating within the country. This would suggest that the impact of interstate mobility on the overall tax burden and tax rates is less pronounced relative to state-level component. To assess this hypothesis, we calculate the total relative tax burden and the total effective average tax rate (state plus federal personal income taxes) for each quantile of the income distribution and rerun the regressions in (11) and (12) . The results are reported in Figure 13 .
The left panel of Figure 13 portrays the estimated effect of state-to-state migration on the overall tax burden of individuals in each state and suggests that higher interstate mobility does not have a significant impact on the overall personal income tax burden apart from the two highest income percentiles of the population. The coefficients are largely insignificant and become negative only at the very right tail of the income distribution. The same applies to the effective average federal-plus-state-level personal income tax rate shown in the right panel of Figure 13 . This panel illustrates that the top two percentiles of the income distribution enjoyed lower tax rates due to higher mobility, while others experienced no significant effects. Figure 13 suggests that the federal tax layer functions as a tax policy coordination device in labor taxation, which mitigates or dampens the effect of increasing mobility on state tax policy. 
Conclusions
This paper estimates the impact of globalization on tax revenues and its compositions across different country groups, time periods, and population segments. To this end, we have developed a novel instrument based on modern quantitative trade and migration theory.
We apply this instrument in unique data set on relative personal income tax burdens and effective average income tax rates in the 65 biggest economies between 1980-2007.
We establish a new set of results based on the link between globalization and various tax outcomes. First, we find that globalization increased pressure on governments in OECD countries to raise additional tax revenues. These were raised mainly via increased labor income taxes. Second, we find that, while between 1980-1993, the response to globalization involved increasing the progressivity of the relative tax burden and the average effective labor income tax schedule, between 1994-2007 increased globalization led to increases in the tax rates and tax burdens on the middle and the upper-middle classes and to reductions for the top earners. We argue that this was partly due to high-skilled/high-income workers' cross-border migration and partly due to intensifying tax competition between governments for the same workers. We also identify the same mechanism in a within-country setting looking at state-level personal income taxation in the United States. There, we also find that increasing migration openness led to lower tax burdens and lower tax rates for the top income percentiles.
Our results are significant in several other dimensions. First, we suggest that competition to attract and retain high-skilled workers may have a non-trivial impact on the effective income tax schedule, which has to be taken into consideration as immobile residents are likely to bear the additional burden of such tax competition. Second, we provide an additional link between globalization and rising income inequality, which directly relates to governments' policy responses rather than pure market forces. Quantifying the effect of globalizationinduced policy responses on inequality in a general equilibrium framework may be fruitful for a quantification of the overall effect and we leave this for future research. definition (taxes levied on the production, extraction, sale, transfer, leasing, and delivery of goods and services) as our benchmark and harmonize the OECD data by excluding the taxes on imports, exports, and cross-border transactions. In addition, for some country/year combinations separate data on employer-and employee-borne social security contributions are not available. We use our own estimates based on country-specific tax codes to predict the employer and employee shares of total social security contributions and apply these to the data on the latter.
(ii) Gross wages
For the analysis, we need percentile-specific measures of nominal labor income for a panel of countries. Unfortunately, micro-data sources only cover a handful of countries for a bare minimum number of years. To overcome these limitations, we parameterize wage income distributions using the moments observed in the data and produce country-yearpercentile specific gross wages. We employ two alternative assumptions about the underlying income distribution -Pareto and log-normal. Although it would theoretically be possible to use a mixture distribution where the left tail is modelled as log-normally and the right tail as Pareto distributed, this mixture requires information on at least three moments of the distribution, which are unavailable for the majority of countries used in this study.
Therefore, in order to calibrate the parameters of the distributions, we use data on two moments: the gross wage Gini coefficient, Gini it , and the average gross wage,w it . 25 With the single shape parameter Pareto distribution, the shape (φ it ) and the scale parameter (w it ) can be identified from the following two moment conditions:
In the case of the log-normal distribution with location parameter (µ it ) and scale (ϕ it ), the two moment conditions are:
where Φ(·) is the cumulative distribution function for the standard normal distribution. This final tax must include social security, as the decision to alter the structure of the income tax schedule is co-determined with the structure of the social security schedule. 26 The final data set covers the years from 1980 to 2007 for 65 countries in the world. The data on income tax codes were collected by the authors and are described in greater detail in Egger and Strecker (2016).
(iv) Endogenous control variables
In our analysis, we employ a vector of endogenous control variables, which are the following: 
(v) Exogenous control variables
In our analysis, we employ a vector of exogenous control variables, which are the following: 
Appendix B: Imputation comparisons to available data
Imputed employee-borne tax revenues vs. data
To check whether the estimates square well with other out-of-sample data, we compare the observed size of total employee-borne revenues with the implied employee-borne tax revenues based on the imputed data. As we have percentile-specific income data, as well as their respective tax rates (discussed below), we can calculate total employee-borne tax revenues as:
where lf orce it is total labor force in country i at time t obtained from the World Bank's World Development Indicators, with missing years interpolated using a polynomial regression on time. We compare the imputed and the actual data on employee-borne tax revenues in Figure 14 . To check the soundness of the imputed wage distributions based on Ginis and average wages, we compare the predictions with the available LIS data. We calculate percentile wages for single adult males with employment income based on their reported labor incomes and present the LIS and imputed percentile incomes for the year 2007 in Figure 15 . It is apparent that the imputed percentiles match the data very well. Further, we report the country-yearspecific correlation coefficients between the imputed and observed percentile wages in Table   3 , which suggest that the imputed incomes match higher moments of the micro-data well. Missing percentiles in the LIS data were linearly interpolated. We are able to match 138 country-year-pairs, with 77 observations entering regressions in Figure 6 Appendix C: Non-OECD results
In this appendix, we provide results for non-OECD countries that mirror those presented in the main text for OECD members. As we have mentioned, non-OECD countries rely on employee-based taxes to a much lesser extent; hence, the results that we obtain for this group are generally much less pronounced.
Revenue regressions
We start with running the following regression:
100 × R r it GDP it = const r n + ψ r n ln(π n,it ) + Z it Γ r n + λ r n,t + µ r n,i + u r n,it ,
where Z it is a vector of controls, u n,it is the disturbance term, the scalars const r n , γ r n , and the vector Γ r n are regression parameters, and λ n,t and µ n,i are fixed time and country effects, respectively. We report the results in Table 4 .
The upper panel provides results for the non-OECD group in the 1980-1993 and the lower panel in the 1994-2007 periods. In the former period, we do not observe significant changes in the composition of the tax revenues due to openness. However, the results suggest that in the latter period, governments in non-OECD countries responded to higher openness by reducing the relative size of revenues raised with employer-based social security contributions and taxes in the other category. Hence, non-OECD countries did not respond to globalization by raising the relative size of tax revenue to GDP but rather by changing the composition thereof via lower revenues from firm-based and other taxes. Obs  473  473  397  397  389  389  451  451  383  383 Standard errors in parentheses. * * * p < 0.01; * * p < 0.05; * p < 0.1. Standard errors are robust to an unknown form of heteroskedasticity and autocorrelation. For brevity, the constant, time and country fixed effects and coefficients for education shares, democracy, left-and right-wing governments, log population, log real GDP per capita and the interaction between log population and log real GDP per capita are suppressed.
Relative tax burden regressions
Next, we report the effect of globalization on the relative tax burdens in Figures Finally, we report the effects of globalization on the average effective tax rates across different workers in non-OECD countries in Figure 18 and 19. When we measure globalization using trade openness, we cannot detect any significant effects, though qualitatively the results look similar to those for OECD countries. The same generally holds when considering migration: 
